In 5 experiments, the authors tested whether the processing of nonconscious spatial stimulus information depends on a prior intention. This test was conducted with the metacontrast dissociation paradigm. Experiment 1 demonstrated that masked primes that could not be discriminated above chance level affected responses to the visible stimuli that masked them. Experiments 2 and 3 showed that this effect was abolished when the task instruction was changed in such a way that the primes ceased to be task relevant. Experiments 4 and 5 demonstrated that a prime's effect depended on whether it was associated with the same response as the target or with an opposite response.
The current study addresses the question of the degree to which the processing of nonconscious spatial information is dependent on task-induced intentions. Research has suggested that information about stimulus position that is not consciously detected or discriminated may nevertheless receive a considerable amount of processing that can be assessed by behavioral measures such as reaction time (RT) and lateralized readiness potential (LRP) (e.g., Ansorge, 2003 Ansorge, , 2004 Bridgeman, Lewis, Heit, & Nagle, 1979; Leuthold & Kopp, 1998; Neumann & Klotz, 1994) . For example, nonconscious stimuli that are presented at a distance from fixation have been shown to activate a motor response depending on their position (e.g., Leuthold & Kopp, 1998) and to cue a shift of visuospatial attention (Ivanoff & Klein, 2003; Jaskowski, van der Lubbe, Schlotterbeck, & Verleger, 2002; Lambert, Naikar, McLachlan, & Aitken, 1999; McCormick, 1997; Scharlau, 2002; Scharlau & Ansorge, 2003; Scharlau & Neumann, 2003a , 2003b Steglich & Neumann, 2000) .
The Metacontrast Dissociation
This processing of nonconscious spatial information is reflected, for example, in an instance of the metacontrast dissociation. The metacontrast dissociation paradigm was originally developed by Wolff (1989) . It makes use of a particular functional property of metacontrast masking (a mode of masking with a mask that is laterally adjacent to the masked stimulus, e.g., a disk that is masked by a surrounding ring; Breitmeyer & Ogmen, 2000; Kahneman, 1968; Lefton, 1973; Neumann & Müsseler, 1990; Stigler, 1910; Werner, 1935) . Unlike other forms of backward masking, metacontrast masking is characterized by a dissociation between the strength of masking at the phenomenal level and little or no masking at functional levels. Perceptual awareness of the masked stimulus is severely impaired. Yet, as has long been known, metacontrast masking does not seem to affect, for example, simple RT to the masked stimulus (e.g., Fehrer & Raab, 1962) or the capacity of the masked stimulus to cause illusory motion (Kolers, 1963; von Grünau, 1978) .
In the metacontrast dissociation paradigm (Ansorge, Klotz, & Neumann, 1998; Breitmeyer, Ogmen, & Chen, 2004; Breitmeyer, Ro, & Singhal, 2004; Klotz & Neumann, 1999; Klotz & Wolff, 1995; Neumann & Klotz, 1994; Vorberg, Mattler, Heinecke, Schmidt, & Schwarzbach, 2003) , the mask is a target stimulus in a choice RT task, and the masked stimulus, called the prime, is a smaller replica of either the target (congruent prime) or a stimulus associated with an alternative response (incongruent prime). To demonstrate a dissociation, researchers use identical stimuli in a signal detection (SD) task in which the participants' detection performance exhibits zero sensitivity.
For example, Neumann and Klotz (1994) used a two-alternative choice RT task in which participants responded to a target in one of three positions. The target display consisted of an array of three rectangular boxes arranged horizontally 1.5°above or below fixation (in a random order). At each trial, one of these boxes had a pair of horizontal bars placed above and below its upper and lower edges. These bars marked the target (see Figure 1 , which shows similar stimuli as they were used in the present study). The other two boxes were distractors. In the first experiment with this method (Experiment 2 of Neumann & Klotz) , the target was either the left box or the right box, with the center box always serving as a distractor. The prime array was a smaller replica of the target array and consisted of three smaller boxes, one of which was marked with bars (a smaller replica of the target). In congruent trials, the marked (target-like) prime preceded the target at its location and was masked by it. In incongruent trials, it preceded the unmarked (distractor-like) box on the other side and was masked by it. (The SD task confirmed that both masks were equally effective.) In neutral trials, the prime array contained three unmarked boxes. Fifty percent of the trials were neutral trials, 25% were congruent trials, and 25% were incongruent trials.
Stimuli and conditions were identical in the two tasks. In the RT task, participants responded by pressing a left or a right button corresponding to the left or the right side of the target (compatible stimulus-response [S-R] mapping). This task yielded the shortest latencies in the congruent condition, the longest latencies in the incongruent condition, and intermediate RTs in neutral trials. Errors were elevated in the incongruent condition and somewhat reduced in the congruent condition (relative to neutral). In the SD task, participants were informed that a prime with bars would precede the left or right box in about half of the trials, and their task was to press one button if they thought that such a prime was present and to press the other button if the prime was not present. Performance, as measured by dЈ (Green & Swets, 1966) , did not differ from zero.
Thus, the metacontrast dissociation meets the criteria defined by Merikle (1988, 1990) for demonstrating effects of stimulus information in the absence of conscious perception: a measure of conscious perception that is very sensitive to a possible conscious representation of the information studied; a task that demonstrates large and easily replicable effects of the nonconscious stimuli; and a comparison of two tasks that are identical in all respects except for the fact that one of them measures the absence of conscious perception and the other assesses effects of the nonconscious stimuli.
Possible Origins of the Masked Primes' Effect
Relatively little is known about the information processes that are responsible for the RT effects of nonconscious spatial information, such as those of metacontrast-masked primes. Generally, information processing can be divided into two broad classes, those processes that are contingent on an appropriate intention or a top-down control setting and those processes that are triggered in a bottom-up or stimulus-driven manner by specific information or stimuli (e.g., Jonides, 1981; Posner & Snyder, 1975; Yantis & Egeth, 1999 ). An empirical test of the contributions by these different classes of processes (intentional vs. nonintentional) to the effect of nonconsciously registered spatial information is interesting for the ongoing debate on theories of automatic processing in general and for theories of automatic processing of spatial information in particular.
Nonintentional Origins of the Masked Primes' Effect
According to one influential conception, nonconscious information is typically only processed in an intention-independent, bottom-up mode. From this perspective, the two characteristics (i.e., "consciousness freeness" and "intention independence") are both hallmarks of automatic processing (McCormick, 1997; Posner & Snyder, 1975) . In particular, a variety of different bottom-up triggered processes, namely, stimulus-driven attentional capture, singleton capture, or dimensional overlap, might contribute to nonconscious priming effects of spatial stimulus information such as those observed by Neumann and Klotz (1994) .
Bottom-Up Attentional Capture
To start with, it has long been believed that a peripheral cue that precedes a visual target (with the latter appearing unpredictably in one of several alternative positions) captures attention in a stimulus-driven, bottom-up fashion. For instance, it has been assumed that attentional capture is intention resistant (Jonides, 1981) , or independent of the intention of the observer (e.g., Müller & Rabbitt, 1989; Posner, 1980; Posner & Cohen, 1984) . RT in a valid condition (in which the cue appears at the same position as the target) can be shorter than RT in an invalid condition (in which the cue appears at a different position), although the cue is nonpredictive for the most likely target position and although participants are instructed to ignore the cue (e.g., Experiment 2 of Jonides, 1981) . Given that in the procedure of Neumann and Klotz (1994) , a congruent prime is similar to a valid cue (in that it has the potential to capture attention to the target position) and an incongruent prime is similar to an invalid cue, bottom-up capture by the masked prime might contribute to the RT effect of the invisible prime.
One might object that, in contrast to the conventional peripheral cuing paradigm, in the metacontrast dissociation paradigm, abruptonset primes are presented at all possible target positions, and therefore bottom-up attentional capture to only one of the positions is prevented. (Remember that Neumann and Klotz, 1994 , presented marked, target-like primes on one side simultaneously with unmarked, distractor-like primes on the other side.) However, marked primes had a stronger overall energy relative to unmarked primes. Therefore, the prime also had a greater potential to capture attention. Moreover, the marked prime was a singleton. A singleton has a distinctive feature (cf. the bars in the case of the prime) by which it differs from all concomitantly presented stimuli (cf. the priming boxes). Because a singleton might also capture attention in a stimulus-driven manner (bottom-up singleton capture; Theeuwes, 1991 Theeuwes, , 1994 Theeuwes, , 1996 , again, the conclusion would be that a nonconscious prime could have exerted a bottom-up attentional capture effect. Figure 1 . Succession of events in a trial. A trial started with the presentation of four squares in the corners of the display that moved on diagonal trajectories toward the center, where they merged and disappeared. Immediately afterward, the prime-target sequence started. Depicted is an incongruent trial, with the prime in the upper left and the target in the lower right position. Arrows indicate movement of the stimuli.
Dimensional Overlap
Another bottom-up process that might contribute to nonconscious priming effects is dimensional overlap. According to the dimensional overlap model of Kornblum, Hasbroucq, and Osman (1990;  for a more recent version of the model, see Zhang, Zhang, & Kornblum, 1999) , a stimulus presented laterally can activate a response that corresponds to the side on which the stimulus was presented without an intention (irrelevant S-R overlap, or dimensional overlap Type 3). Such an effect of the prime would be due to a response activation rather than to attentional capture, but nonetheless it would not depend on an intention (but see Ansorge & Wühr, 2004) .
Nonconscious priming effects that are due to influences of dimensional overlap might appear unlikely in light of the repeated demonstration of independent influences of priming and spatial S-R compatibility in the metacontrast dissociation paradigm (Leuthold & Kopp, 1998; Neumann & Klotz, 1994, Experiment 3) . But again, the independent effects were demonstrated in procedures in which influences of bottom-up attentional capture (validity) and sensorimotor congruence or incongruence were confounded, and hence, they could have indicated an independence of bottom-up capture and dimensional overlap rather than anything else.
Intentional Origins of the Masked Primes' Effect
However, several authors have repeatedly argued in favor of top-down contingencies (e.g., Folk, Remington, & Johnston, 1992; Neumann, 1984 Neumann, , 1989b . Logan (1978 Logan ( , 1989 , for example, reasoned that automatic processes might be readily triggered by specific information in a seemingly stimulus-driven manner once participants actively sought to process this information and attention was directed to the stimulus. (Still, Logan [1989] reserved this possibility of top-down-contingent automatic processing for consciously perceived information.)
In line with this notion, attentional capture by a clearly visible, peripheral cue has been demonstrated to depend on a match of the cue's specific features to the participant's intention (Ansorge & Heumann, 2003 , 2004 Folk et al., 1992) . In a seminal study, Folk et al. (1992) observed attentional capture by a nonpredictive abrupt-onset cue only if the participant searched for an abruptonset target but not if the participant searched for a color target. Correspondingly, in that study, the participant's attention was captured by a nonpredictive color cue if a color target was searched for but not if an abrupt-onset target was searched for. According to Folk et al.'s (1992) contingent-capture account, attention is involuntarily directed to the otherwise irrelevant peripheral cue because the cue has features that resemble those of the target. As a consequence of this resemblance, the cue is processed (e.g., attended to) by an intention (e.g., a particular search strategy), which is set up for and directed to the target features.
The concept of direct parameter specification (DPS) naturally extends these assumptions to the realm of nonconscious information. According to the DPS concept, the effect of information that does not reach awareness is also assumed to depend critically on the person's currently active intentions (Neumann, 1989a (Neumann, , 1990 : Participants search for information in order to specify free parameters within the currently active intention. Nonconsciously registered information that resembles this searched-for information is selected and processed to specify the free parameters. Therefore, it will exhibit behavioral effects that are absent if the same information is sufficiently dissimilar from the searched-for features. Neumann and Klotz (1994) suggested, for example, that the similarity between masked primes and targets is the reason why the processing operations that the person intends to apply to the target are, to some degree, also applied to the prime. The person's intention is to search for and to respond to targets. But because the masked primes are visually similar to targets, the person will tend to specify parameters of the intention (e.g., activate a left or right response or trigger an attention shift). This is independent of whether the primes are represented in awareness.
In line with these assumptions, some evidence suggests that top-down contingencies (similar to contingent capture or DPS) apply to the processing of nonconscious spatial stimulus information (Ansorge, 2004; Scharlau & Ansorge, 2003) . Scharlau and Ansorge (2003) found a reduced perceptual priming effect of a metacontrast-masked, peripheral cue when the static feature of the cue (i.e., its color or its shape) did not match the set of intentionally searched-for target features. Likewise, Ansorge (2004) observed a reduced RT effect of a nonconscious, peripheral prime in conditions in which the likelihood for a match of the cue to its fitting intention was reduced.
However, although top-down contingencies of the processing of consciously perceived peripheral cues and singletons have been firmly established (e.g., Ansorge & Heumann, 2003 , 2004 Folk et al.,1992; Gibson & Kelsey, 1998; Pashler, Johnston, & Ruthruff, 2001) , it can be doubted whether the processing of nonconsciously registered information depends to a similar degree on an appropriate top-down control setting (e.g., Cheesman & Merikle, 1985; McCormick, 1997) . For instance, McCormick (1997) demonstrated that a peripheral cue affected RT, although observers were unable to report it. A crucial point is that whereas in different conditions, participants were able to adopt different top-down control settings (or strategies) to process a clearly visible cue, an invisible cue was seemingly always processed in a similar manner irrespective of the predictive value of the cue for the likely target position. Thus, the invisible cue appeared to be resistant to an intentional modification (but see Ivanoff & Klein, 2003 , for an alternative interpretation of the results). McCormick's observation would also be fully in line with the proposal that in order to be processed in an intention-independent mode, information need not be consciously perceived (Posner & Snyder, 1975) .
Overview of the Experiments
To summarize, according to an intentional account, the fate of nonconscious information is not determined by "wired-in" processes that act in a bottom-up, obligatory manner. Rather, this information is processed, albeit not up to the level of awareness, because it fits-at least to some degree-into the currently active intentions. Although it does not exactly conform to the intention, processing of the nonconscious information nevertheless depends on it. (For early versions of this idea, see Neumann, 1984 ; a recent review of evidence supporting it can be found in Pashler et al., 2001 .) However, the RT effects of nonconsciously registered primes are also open to interpretations in terms of bottom-up attentional capture or dimensional overlap. Whether the processing of nonconscious information indeed depends on an appropriate intention (or top-down control setting) was therefore studied in the present investigation. The metacontrast dissociation is a beautiful case in point for investigating the diverse origins within the processing system of the effects of nonconsciously registered information.
The first three experiments provided unequivocal evidence for a top-down contingency of the nonconscious priming effect. Experiment 1 essentially replicated the metacontrast dissociation of Neumann and Klotz (1994) and provided a baseline RT effect of nonconsciously registered primes to which RT effects in Experiments 2 and 3 could be compared. In Experiment 2, top-down contingencies of the nonconscious priming effect were studied in a procedure analogous to that used with clearly visible cues (Ansorge & Heumann, 2003; Folk et al., 1992) . Participants responded to red bars above and below the targets, and masked primes were black. Under these conditions, masked primes were no longer similar to the response-relevant and the intentionally searched-for color feature of the target, and this was expected to abolish the nonconscious priming effect, which would indicate that the effect is indeed contingent on an appropriate top-down control setting (e.g., Folk & Remington, 1998) . Experiment 3 was a control to show that the changed intention to respond to and to search for the red bar, rather than the concomitant change of the target color (i.e., red compared with black targets), accounted for any differences in the nonconscious priming effects between Experiments 1 and 2.
To decide whether nonconscious primes exert their influences via top-down-contingent attentional capture and/or top-downcontingent response activation, in Experiments 4 and 5, we varied response congruence orthogonally with prime validity. Basically, both response-congruent and response-incongruent conditions were considered invalid conditions. Under these conditions, contributions by top-down-contingent response-activation processes were expected to show up as an effect of response congruence between the different invalid conditions. Finally, spatial S-R compatibility was varied in Experiments 2, 4, and 5 to determine whether dimensional overlap produced (parts of) the nonconscious priming effect.
Experiment 1
Experiment 1 was a replication of Neumann and Klotz's (1994) Experiment 2 with similar primes and targets but with the primes and targets arranged in different spatial positions. The purpose of Experiment 1 was to demonstrate a baseline effect of masked primes, because in Experiments 2 and 3, we intended to show that priming effects can be diminished if primes do not match intentionally processed features of the target. The congruent/incongruent (whether the prime cued the same response as the target or the alternative response) and valid/invalid (whether the prime appeared at the target location or at a different location) factors were confounded in Experiment 1. To keep our terminology consistent, we use the labels valid/congruent and invalid/incongruent to describe the two types of primes. In later experiments, these two factors were varied independently.
Method
Participants. Fourteen students (11 women and 3 men) at Bielefeld University participated in Experiment 1. Participants had a mean age of 26 years and normal or corrected-to-normal vision. They received money (approximately $4.50) for their participation.
Apparatus. The experiment was controlled by a computer that also served for data analysis. Stimuli were presented on a 15-in. (38-cm) color monitor. A serial mouse was used for response registration. Participants pressed the left or right mouse button with the index finger of the corresponding hand, and latencies were measured from the beginning of the target to the nearest millisecond. The participants were seated in a dimly lit room, 65 cm in front of the screen, with their line of gaze kept straight ahead by a head rest.
Stimuli. The stimuli and the sequence of events in a trial are shown in Figure 1 . All stimuli were dark (Ͻ 1 cd/m 2 ) on a bright background (28 cd/m 2 ). A trial started with the presentation of a dynamic fixation support, which consisted of four small black squares (side length ϭ 0.15°) that appeared in the corners of the screen and traveled within 800 ms on diagonal trajectories to the screen center, where they merged and vanished. Immediately after they disappeared, two small precues (0.55°ϫ 0.6°) were shown for 17 ms. They were located on an imaginary diagonal, either in the upper left and lower right corners or in the upper right and lower left corners in a random order, 5.7°from the center of the screen. After a stimulus onset asynchrony (SOA) of 34 ms, the prime display was presented for 17 ms in the two positions that had been marked by the precues. The prime display consisted either of two distractor-like primes or of a distractor-like prime and a target-like prime. The distractor-like prime was an outlined box of the same size as the precue and with a stroke width of 1 pixel. The target-like prime included two horizontal bars in addition to the box. The bars had a length of 0.5°and a width of 0.12°.
The target array followed the prime array at the same locations with an SOA of 68 ms. The size of the boxes (0.9°ϫ 1.4°, with an edge width of 3 pixels) in the target array was such that the inner contours of the box fitted exactly around the outer contours of the prime. The target array was presented for 124 ms.
Procedure. Each session consisted of an RT task and an SD task. Stimulus conditions were the same in both tasks. In the neutral condition, the target array was preceded by two distractor-like primes. In the valid/ congruent condition, one stimulus in the prime array was a target-like prime that appeared at the target's location. In the invalid/incongruent condition, there was a target-like prime at the alternative location. Of the 240 trials in each task, 120 were neutral, 60 were valid/congruent, and 60 were invalid/incongruent. Because valid/congruent and invalid/incongruent conditions were equally likely, the prime did not predict the target's position. Moreover, primes and targets were equally likely at each position. Conditions were randomized within each task.
The RT task was always administered first, because the SD task required informing participants about the presence of primes. In the RT task, participants had to react as fast and as accurately as possible by clicking the mouse button that corresponded to the side of the target while disregarding whether the target was in the upper or lower half of the screen. In the SD task, participants were asked to decide whether the prime array had contained a target-like prime, independent of whether it preceded the target or the distractor. Half of the participants pressed the right mouse button for a "yes" response and pressed the left button for a "no" response. For the other half of the participants, the mapping was reversed. In the SD task, participants were informed that about half of the presentations contained a target-like prime. Prior to this task, a slow-motion version of the stimulus sequence was shown to participants to familiarize them with the primes. Participants had 2 s to give their response. In all other respects, the RT task and the SD task were identical. There were 40 practice trials in each task prior to data recording. Participants were allowed to take a short rest between the tasks. The duration of the experiment was about 45 min.
Results

SD task.
Responses with a latency of less than 100 ms (0.8% of all judgments) were discarded. Mean dЈ was calculated individ-ually for each participant (Green & Swets, 1966) . A t test against zero revealed no difference, dЈ ϭ 0.05, t(13) ϭ 0.96, p ϭ .18.
RT task. RTs of less than 100 ms or more than 1,000 ms (0.12% of all trials) were discarded. Individual medians of latencies and arcsine transformed error scores were subjected to oneway analyses of variance (ANOVAs).
1 Degrees of freedom were corrected by Greenhouse-Geisser coefficients , and the corrected alpha levels are given (Hays, 1988) . (This was also done in all subsequent tests where appropriate and is not specifically mentioned later.) Congruence/validity had strong effects on latencies, F(2, 26) ϭ 85.71, p Ͻ .001, and errors, F(2, 26) ϭ 21.41, p Ͻ .001. As expected, RT was shortest in the valid/congruent condition (347 ms) and longest in the invalid/incongruent condition (417 ms), with the neutral condition being in between (377 ms; see also Figure 2 for the results). Tukey's tests revealed significant ( p Ͻ .01) differences between all conditions. The error score was significantly ( p Ͻ .01, Tukey's test) higher in the invalid/incongruent condition (9.6%) than in the neutral (1.9%) and valid/congruent (0.8%) conditions, which did not differ.
Discussion
In Experiment 1, the metacontrast dissociation was replicated with the stimuli used by Neumann and Klotz (1994) . Performance in the SD task indicated that participants did not consciously perceive the masked primes. Yet primes had massive effects on response latencies and errors. According to the contingent-capture hypothesis or to the DPS hypothesis, these effects were due to the fact that the primes were visually similar to the targets and could therefore specify either response parameters or parameters of an attention shift to the targets on the basis of the participant's intention to react to and search for targets, as defined by the instruction.
However, because of the confounding of congruence, dimensional overlap or S-R compatibility, and validity, the same pattern of results could also have arisen from bottom-up response activation or stimulus-driven attentional capture by the primes. Because the congruent primes were also (a) valid cues and (b) spatially compatible with the responses, they may have captured attention to the target's location or activated the correct responses in a bottom-up manner and thereby reduced RT. Likewise, because incongruent primes cued an incorrect location and were apt to activate the alternative response in a stimulus-driven way, they could have increased the time for focusing attention on the target or the time needed to choose the accurate response. This should have augmented RT and might also explain an increase in error rate, because attentional cuing, for instance, is known to also affect accuracy (Bashinski & Bacharach, 1980; Hawkins et al., 1990; Müller & Findlay, 1987 ; for a review, see van der Heijden, 1992, chap. 3). Experiment 2 was designed to test the alternative interpretations in terms of bottom-up response activation or stimulusdriven attentional capture by comparing the effects of compatible/ valid and incompatible/invalid primes that did not differ with respect to congruence/incongruence.
Experiment 2
In Experiment 1, the valid primes were also response congruent because a prime at the same location as the target specified the response that was also required by the target, and likewise for incongruent primes. In a corresponding manner, top-downcontingent capture by the invisible primes was possible because primes were very similar to the searched-for targets in nearly all respects (i.e., color, position, and shape). In Experiment 2, similarity between masked primes and targets in the relevant features was abolished. Unlike in Experiment 1, the task in Experiment 2 required that participants disregard the target's location and respond to a different dimension. One of the bars that marked the target was red, and the task was to press the left or right button 1 All RT ANOVAs were also conducted with individual mean RTs. Several of our manipulations might have primarily affected fast or slow responses. Using medians in the analyses could have masked these subtle changes. We thank Raymond Klein for pointing this problem out to us. However, median and mean analyses led to very similar results (with only one exception). Therefore, generally, the results of median analyses are given, and only where differences of mean analyses were observed are results of both analyses reported. depending on whether the red bar was located above or below the box. This left the prime's potential effectiveness as a cue for a bottom-up attention shift or an intention-independent response activation (by dimensional overlap Type 3) unchanged, but its location was no longer related to the S-R-mapping as defined by the instructions (Ansorge, Heumann, & Scharlau, 2002) , and its color no longer matched the top-down controlled set of searchedfor target colors (cf. Folk & Remington, 1998) .
According to an intentional account, whether by DPS or by contingent capture, the primes in Experiment 1 affected the responses because they shared with the targets the features of color, shape, and position, which were task relevant according to the instruction and, consequently, implied in the participant's intention. By virtue of this similarity in the task-relevant physical features, primes could have specified the response parameter "side of the responding hand," and primes could have captured attention in a top-down-contingent manner. In Experiment 2, primes and targets were dissimilar in the decisive response-relevant and searched-for features. Hence, both kinds of intention-mediated effects were no longer possible, and the primes' effects should have been eliminated.
Through this manipulation, a new factor was introduced into the experiment. In Experiment 1, S-R mappings had been spatially compatible: For correct responses, target and response locations were the same (i.e., both were left or both were right). In Experiment 2, the response was not dependent on the target's location, and hence there were responses to targets on the same side as well as to targets on the opposite side depending on whether the red bar was in the upper or lower position. This created a kind of variation of S-R compatibility that has been investigated under the name of the Simon effect (Simon, 1990) . As has often been demonstrated, a spatial correspondence between a target and a response reduces RT even if processing of the target location is not required by the instruction (Hedge & Marsh, 1975; Simon & Rudell, 1967 ; for overviews, see Lu & Proctor, 1995; Simon, 1990) .
This feature of the experiment is of theoretical significance. As discussed in the introduction and in Experiment 1, the dimensional overlap model of Kornblum et al. (1990) proposes that a stimulus will automatically activate a response if it shares the same value on a dimension such as left/right location. This suggests that, under the conditions of the present experiment, RTs will be shorter in those trials in which the prime is presented on the side of the required response than in those trials in which the prime appears on the opposite side. An effect of this kind should show up as an interaction between validity and target-response compatibility. This interaction of validity and compatibility might result because the prime will share the side of the responding hand either if the target requires a response on its side (compatible) and the prime is valid or if the target requires a response on the opposite side (incompatible) and the prime is invalid. Note that compatibility refers to mappings between target and response, not between primes and response.
To summarize, there were two variables of interest in Experiment 2, prime validity and compatibility. All of the accounts allow for a main effect of compatibility. Yet, the three accounts make different predictions with respect to the effects of the nonconscious primes. The bottom-up-capture hypothesis predicts an effect of prime validity. An interaction between validity and compatibility would be in accord with the dimensional overlap model: Basically, responses should be faster in conditions with a masked prime presented on the same side as the response than in conditions with a prime presented on the opposite side, but a valid prime at target position might provide an additional advantage if bottom-up capture also contributes to the priming effect. Finally, and by contrast, the intentional account predicts that prime validity should have no main effect and that there should be no interaction. More precisely, according to this account, nonconscious priming effects are expected to be largely reduced or absent.
In addition to these variables, the S-R mapping rule was included in the data analysis. It was balanced across conditions and could therefore be entered as a variable into the ANOVA to control for possible artifacts of responding to the position of the upper or lower red bar.
Method
Participants. Twelve students (5 women and 7 men) at Bielefeld University participated. They had a mean age of 26 years and normal or corrected-to-normal vision. They received money (approximately $6) for taking part in the experiment.
Stimuli. The stimuli were the same as those in Experiment 1 with the exception that one of the bars that marked the target was red. For half of the targets, this was the upper bar, and for the other half it was the lower bar.
Apparatus and procedure. These were identical to those in Experiment 1, with the only changes being that there were 360 trials in each task (180 neutral, 90 valid, and 90 invalid) and that participants were asked to respond to the position of the target's red bar. Half of them had to press the right mouse button if the red bar appeared in the upper position, and for the other half this S-R mapping rule was reversed. Targets of both types were presented at each possible location equally often.
Results
SD task. Responses that were faster than 100 ms (2.0%) were discarded. Mean dЈ was not different from zero, dЈ ϭ 0.06, t(11) ϭ 0.81, p ϭ .21.
RT task. Responses below 100 ms or above 1,000 ms (0.52% of all trials) were discarded. The results are shown in Figure 3 . Median latencies were entered into a three-way ANOVA that included the S-R mapping rule in addition to prime validity and compatibility. The ANOVA yielded an effect of compatibility, F(1, 10) ϭ 23.93, p Ͻ .01 (compatible ϭ 475 ms; incompatible ϭ 517 ms), but no effect of prime validity, F(2, 20) ϭ 1.3 (valid ϭ 493 ms; neutral ϭ 496 ms; invalid ϭ 500 ms) and no interaction, F(2, 20) ϭ 0.14. The ANOVA for arcsine transformed error scores revealed a similar pattern. There was no effect of validity, F(2, 20) ϭ 1.04 (valid ϭ 8.9%; neutral ϭ 10.1%; invalid ϭ 9.6%), there was a significant effect of compatibility, F(1, 10) ϭ 13.14, p Ͻ .01 (compatible ϭ 6.3% errors; incompatible ϭ 12.7% errors), and there was no interaction, F(2, 20) ϭ 1.63. Mapping rule did not cause a main effect and was not involved in any of the interactions in both analyses (all ps Ͼ .20).
Discussion
The main result from Experiment 2 was that the effect of the masked prime was virtually eliminated. Although there was a nonsignificant difference in the direction predicted by the bottom-up accounts, it was about an order of magnitude smaller than in Experiment 1 (benefits: 5 ms vs. 30 ms; costs: 4 ms vs. 40 ms; values from the present experiment averaged across compatibility conditions). Thus, a conservative conclusion from Experiment 2 is that if there should have been effects of bottom-up response activation or of stimulus-driven capture, these were small compared with the intention-dependent or top-down-contingent effect found in Experiment 1. This difference between Experiments 1 and 2 was predicted by the intentional account but by neither of the alternative hypotheses based on bottom-up processes. Nevertheless, minor contributions of bottom-up response activation or stimulus-driven capture remain a possibility.
The main effect of compatibility was as expected, because Experiment 2 provided standard conditions for the Simon effect. It is interesting, though, that the targets produced a Simon effect, whereas the primes apparently had no such effect. Empirically, this is in line with earlier evidence showing that compatibility and validity/congruence had additive effects on RT (Leuthold & Kopp, 1998; Neumann & Klotz, 1994) . This pattern suggests that the Simon effect is located at a different stage of processing than the stage at which a masked prime has its effect.
Admittedly, it might seem as if a short-lived bottom-up priming effect was subject to an increased RT in Experiment 2: RT increased by 100 ms compared with Experiment 1. Yet an account of the present results in terms of a fast-decaying nonconscious priming effect (cf. Greenwald, Draine, & Abrams, 1996; Rossetti, 1998) is not in line with the following observations. First, effects of nonconscious primes that were contingent on the intentions of the participants were of similar strength among the fast and the slow responses throughout the RT distribution (Ansorge, 2004) . Second, experimental manipulations that incur large increments of RTs can occur without a coincident diminution of an intentionmediated nonconscious priming effect (e.g., Ansorge et al., 1998; Eimer & Schlaghecken, 2001; Leuthold & Kopp, 1998; Vorberg et al., 2003) . Third, if anything, in the present experiment, the error effect of the nonconscious primes was better in line with a bottom-up account among the longer RTs (i.e., in the incompatible condition). By contrast, among the shorter RTs (i.e., in the compatible condition), the error rate was lower with an invalid prime on the opposite side of the target and the response than with a prime on the same side as the target and the response, indicating that a speed-accuracy trade-off might be responsible for the residual, nonsignificant RT priming effect in that condition.
Although the differential effects of the primes in Experiments 1 and 2 seem to provide evidence for an intentional account, one objection remains. One might argue that the two experiments differed not only with respect to the task but also with respect to the physical characteristics of the stimuli. It is possible that replacing one of the black bars by a red bar induced a general change in the prime's effectiveness. To check this possibility, in Experiment 3, we replicated the task from Experiment 1 but with the stimuli from Experiment 2.
Experiment 3
Experiment 3 was a replication of Experiment 1 with the targets from Experiment 2: Like in Experiment 1, participants had to respond to the target positions on the screen, with different target positions being defined relative to fixation.
Method
Participants. Thirteen students, 1 of whom was excluded because of her performance in the SD task, participated.
2 The remaining participants (10 women and 2 men) had a mean age of 25.8 years. All had normal or corrected-to-normal vision. They received money (approximately $6) for their participation.
Apparatus and procedure. These were identical to those in Experiment 1 with the exception that the targets were those used in Experiment 2.
Results
SD task. RTs shorter than 100 ms (0.65% of all trials) were discarded. Mean dЈ was 0.08, t(11) ϭ 1.26, p ϭ .12.
RT task. RTs shorter than 100 ms or longer than 1,000 ms (0.08% of all trials) were discarded. See Figure 2 for the results. RTs were shortest in the valid/congruent condition (340 ms), followed by the neutral condition (361 ms) and the invalid/incongruent (376 ms) condition. A one-way ANOVA for individual median RTs revealed a significant influence of validity/congruence, F(2, 22) ϭ 16.8, p Ͻ .01. All three means differed significantly ( p Ͻ .05; Tukey's tests). The error scores exhibited the same pattern (valid/congruent ϭ 1.4%, neutral ϭ 2.4%, invalid/ incongruent ϭ 6.6%). An ANOVA for arcsine transformed error scores yielded a significant effect of conditions, F(2, 22) ϭ 11.87; p Ͻ .001. Tukey's tests showed a significant difference between the invalid/incongruent condition and the other two conditions ( p Ͻ .01), which did not differ.
Discussion
The chief result of this experiment is that the primes produced the same pattern of statistical effects as in Experiment 1. This is conclusive evidence that the lack of an effect of the primes in Experiment 2 was not due to the physical properties of the targets used in this experiment. This provides strong support for our contention that the primes' effect depends on task requirements.
However, the primes' effect was numerically reduced. RT differences between the invalid/incongruent and the valid/congruent conditions were 70 ms in Experiment 1 but only 36 ms in Experiment 3. Similarly, there were 9.6% errors in the invalid/incongruent condition in Experiment 1 but only 6.6% errors in Experiment 3. One likely reason for this discrepancy is that participants were free to search for the targets by means of the red bars (although this was neither necessary nor required) in the current experiment, but not in Experiment 1. Now, because this feature was absent in the primes, primes were less similar to targets and, hence, to the control settings on this "task-relevant" dimension than in Experiment 1. According to the intentional account, a prime's capacity to specify an action's or an attention-shift's free parameters depends on the degree to which it provides the appropriate information, where "appropriate" is defined by the task instruction and, as a consequence, the person's intention. The difference in priming strength between Experiments 1 and 3 may therefore be easily accommodated by an intentional account, whereas it is difficult to see how this difference could be explained if the invisible prime acted as a bottom-up cue for capturing attention.
Experiment 4
Taken together, Experiments 1-3 have provided evidence against possible nonintentional factors and, thus, by implication suggest an intentional account of the effect of the masked primes. However, whether intentional effects were due to response activation or to top-down-contingent attentional capture by the masked primes is still an open question. It was therefore further explored in Experiment 4. In addition, the dimensional overlap hypothesis was put to another test.
There were two main changes in the stimuli and the task. First, there were four instead of two stimuli in each display. The target array consisted of the target and three distractors, and the prime array included a target-like prime and three distractor-like primes. Second, the task-relevant dimension was the vertical position of the target (whether it was in the upper or lower half of the array) instead of its horizontal position (left or right). Half of the participants pressed the left button if the target appeared in one of the upper positions and the right button if it appeared in a lower position, and the mapping was reversed for the other half of the participants.
The rationale for making vertical position the task-relevant dimension was to permit an independent variation of the prime's congruence and the potential factor of dimensional overlap. Consider a target in the lower right position, as illustrated in Figure 4 , and assume that the two lower target positions map onto a lefthand response. Then a prime in the lower left position will be congruent, because it cues the correct response (both lower positions require a left-hand response). It should also activate the correct response on the basis of dimensional overlap, because it shares the side of the required response (the prime appears left of the meridian, and the target requires a left-hand response). Conversely, a prime in the upper right position is incongruent (because the upper targets are associated with a right-hand response), and a potential effect of dimensional overlap will activate the incorrect response (because the prime is on the right, whereas a left response is required). By the same token, a prime in the upper left position is incongruent but should activate the correct response on the basis of dimensional overlap, and a prime in the lower right position (i.e., a prime that precedes the target at its position) is congruent, but dimensional overlap should lead to an activation of the incorrect response.
Thus, the orthogonal variation of the factors of congruence/ incongruence and the horizontal position of the prime (prime side) permits testing DPS or intention-mediated versus dimensional overlap (bottom-up-mediated) response-activation accounts of the nonconscious priming effect. The intentional DPS account predicts Figure 4 . Examples of the conditions including a prime in Experiments 4 and 5 are shown. In the frames on the left, the cues and the prime are depicted, and in the frames on the right, the target and the masks are depicted. In the invalid conditions, the prime was displaced with respect to the target. This displacement was either horizontal (a), vertical (b), or horizontal and vertical (c). In the valid condition, the prime was presented at the position of the target (d). a main effect of congruence. Responses should be faster in congruent than in incongruent conditions. (Above that, we might find an additional facilitation in the congruent/valid conditions by top-down-contingent allocation of attention to the masked primes; see also below.) The dimensional overlap hypothesis predicts an interaction between prime side (same side as the target vs. opposite side) and compatibility (see also Experiment 2).
3 To summarize, the predictions from these two hypotheses can be tested by a three-way ANOVA with the variables congruence (congruent vs. incongruent prime), prime side (target side vs. opposite side), and compatibility. If a response activation by the primes via DPS or intentional mediation alone accounts for the nonconscious priming effect, one should observe a main effect of congruence, no effect of prime side, and no interaction. The dimensional overlap hypothesis predicts no effect of congruence and no main effect of prime side but an interaction between prime side and compatibility.
Finally, consider the possibility that top-down-contingent attentional capture solely determines the priming effect. If cue validity/ invalidity is the attribute that produces the prime's effect, then a valid prime (a prime preceding the target at its position, the lower right position in the example in Figure 4 ) should facilitate target processing, because it should capture attention to the target. Primes in the other three positions should be associated with interference, because they should direct attention away from the target. In the three-way ANOVA, this should show up as an interaction between congruence and prime side, and post hoc testing should reveal that this interaction was due to a difference between the combination "congruent/same side as the target" and the other three conditions, which should not differ among themselves. 4 Like the DPS hypothesis, the contingent-capture hypothesis further predicts that compatibility will not interact with any of the other factors.
5 Once again, a main effect of S-R compatibility (Simon effect) is possible under all accounts, although they do not predict it.
This factorial design does not include a neutral condition (one with no target-like prime). However, including such a condition was desirable for two reasons. First, it was required in the SD task, and as in the preceding experiments, we wanted to keep stimulus conditions identical in the two tasks. Second, a neutral condition was also considered necessary in the RT task to find out if differences between other conditions were due to facilitation versus interference or only to different degrees of one of these effects. Therefore half of the trials were neutral.
Method
Participants. Twelve students (4 women and 8 men) with a mean age of 30.9 years participated. All had normal or corrected-to-normal vision and received money (approximately $6) for their participation.
Stimuli. Primes and targets had the same shapes and sizes as in the preceding experiments but were arranged in different displays. The target display consisted of four stimuli arranged in a square-like manner, with each stimulus located 5.7°from the center of the screen (see Figure 4) . One stimulus, chosen randomly in each trial, was a target (marked by two black bars), and the other three stimuli were distractors. The target display was preceded by the prime display. In half of the trials (128 trials), the target display comprised four distractor-like primes that were identical to the distractor-like primes used in the preceding experiments. In the other 128 trials, the prime array contained one target-like prime, which appeared in each of the four positions in 32 trials. The temporal sequence of events was the same as in the preceding experiments.
Apparatus and procedure. The apparatus and the procedure in the SD task were the same as those in the preceding experiments. In the RT task, the only change was that responses had to be given to the vertical position of the target. For half of the participants, target positions in one of the upper locations mapped onto the right-hand response, and targets in one of the lower positions mapped onto the left-hand response. This mapping rule was reversed for the other half of the participants.
Results
SD task. Responses with RTs less than 100 ms were discarded (2.1% of the responses). Mean dЈ did not differ from zero, dЈ ϭ 0.04; t(11) ϭ 1.02, p ϭ .16.
RT task. RTs lower than 100 ms or higher than 1,000 ms were discarded (0.06% of all trials). As can be seen from Figure 5 , RTs in the compatible and incompatible conditions showed similar patterns, though absolute RTs differed. First, congruent primes (454 ms) produced uniformly shorter RTs than incongruent primes (519 ms). Second, this difference was more pronounced when primes appeared on the same side as the target than when they appeared on the opposite side (congruent/same-side, 432 ms; incongruent/same-side, 522 ms; congruent/opposite-side, 477 ms; incongruent/opposite-side, 516 ms). Third, RTs to targets preceded by a target-like prime at their location (congruent/same-side, 432 ms) were shorter than RTs in trials with no target-like prime (neutral trials, 465 ms), whereas RTs to targets presented away from the location of the prime were longer than neutral RTs.
ANOVAs for RTs and error rates confirmed these differences. The three theoretically relevant variables were congruence (position of the prime associated with the same response as the target vs. with the alternative response), prime side (prime on same side as target vs. on opposite side), and compatibility (target on same side as required response vs. on opposite side). There were main effects of congruence, F(1, 11) ϭ 36.84, p Ͻ .001; prime side, F(1, 11) ϭ 10.07, p Ͻ .01 (same side, 477 ms; opposite side, 497 ms); and compatibility, F(1, 11) ϭ 127.82, p Ͻ .001 (compatible, 458 ms; incompatible, 515 ms). Of the interactions, only that between congruence and prime side was significant, F(1, 11) ϭ 24.03, p Ͻ .001. Responses were faster in the congruent conditions compared with both incongruent conditions ( p Ͻ .01, Tukey's test), whereas there was no significant difference between the two incongruent conditions. RT was also shorter in the congruent/same-side (valid) condition than in the congruent/different-side condition ( p Ͻ .01, Tukey's test). The variable mapping rule had no main effect and was not involved in interactions. The same ANOVA for arcsine transformed error scores yielded a significant effect of compatibility, F(1, 11) ϭ 42.09, p Ͻ .001 (compatible, 3.8%; incompatible, 13.4%), and a main effect of congruence that fell just short of significance, F(1, 11) ϭ 4.58, p ϭ .06 (congruent, 6.2%; incongruent, 11%). Unlike RTs, error scores failed to exhibit an interaction between congruence and prime side (F Ͻ 1.0), but there was an interaction between compatibility and prime side, F(1, 11) ϭ 5.41, p Ͻ .05. None of the other main effects and interactions approached significance. As can be seen from Figure 5 , the interaction between compatibility and prime side was due to the fact that primes on the side of the required response (compatible/sameside, 4.7%; incompatible/opposite-side, 16.5%) produced more errors than did primes on the opposite side (incompatible/sameside, 2.9%; compatible/opposite-side, 10.4%).
To further analyze these results, we compared cell means from the different priming conditions with the neutral condition by planned t tests for dependent variables (alpha levels were Bonferroni adjusted). With compatible S-R mapping, congruent primes on the same side as the target (valid primes) reduced RT compared with the neutral condition, t(11) ϭ Ϫ3.97, p Ͻ .01, whereas incongruent primes increased RT: same side, t(11) ϭ 4.44, p Ͻ .01; opposite side, t(11) ϭ 3.48, p Ͻ .01. The same pattern was obtained with incompatible mapping: valid, t(11) ϭ Ϫ3.97, p Ͻ .01; incongruent/same-side, t(11) ϭ 4.00, p Ͻ .01; incongruent/ opposite-side, t(11) ϭ 6.8, p Ͻ .01. The only difference between compatible and incompatible S-R mappings occurred with congruent primes on the opposite side (congruent/invalid). They had no effect with compatible S-R mapping but produced a small (22 ms) though significant interference, t(11) ϭ 3.55, p Ͻ .01, with an incompatible mapping. For errors, the only condition to differ significantly from neutral was the incompatible/incongruent/ opposite-side condition, t(11) ϭ 5.34, p Ͻ .01.
Discussion
The purpose of Experiment 4 was to confirm the intentional account of the effect of masked primes, to test whether these intention-mediated effects were due to response activation and/or top-down-contingent capture, and to further examine possible effects of dimensional overlap. A main effect of congruence was found, demonstrating that a prime's impact depended on whether it mapped onto the same response as the target or onto the alternative response. This was true whether the prime was presented on the same side as the target or on the opposite side and whether it appeared on the same side as the required response or on the opposite side. Therefore, response activation via an intentionmediated process, such as DPS, was one of the factors responsible for the nonconscious priming effect.
However, this pattern was complicated by a main effect of side of the prime and by an interaction of this variable with congruence. As can be seen from Figure 5 , both outcomes were due to the difference between the congruent/same-side (valid) and congruent/ opposite-side conditions, whereas the same side and the opposite side did not differ in the incongruent conditions. This was confirmed by the finding that the only condition to yield shorter RTs than the neutral condition was the congruent/same-side condition. This is the pattern that was predicted by the top-down-contingentcapture hypothesis. Thus, while confirming an intentional response-activation effect by demonstrating the influence of the task on the prime's effect, Experiment 4 has also yielded evidence that not all of the effects were mediated via response activation and that contingent attentional capture also contributed to the nonconscious priming effect. Note that it is unlikely that bottom-up attentional capture better accounts for the selective advantage in the congruent/same-side conditions: Evidence for attentional capture was absent in Experiment 2, in which search for red targets prevented attentional capture by the black primes (Folk & Remington, 1998) . On the contrary, in the present experiment, primes and targets were similar enough to allow for top-down contingent capture.
Whereas interference by an incongruent prime was independent of whether it appeared on the same side as the target or on the opposite side, facilitation by a congruent prime was restricted to trials in which the prime preceded the target at its location. If the prime was congruent but appeared at a position in the other visual hemifield, RT was not reduced relative to the neutral condition (see also Neumann & Klotz, 1994) . A probable account of the pattern of RTs in Experiment 4 seems to be a combination of intention-mediated response activation (DPS) and top-downcontingent attentional capture. If a prime is both congruent and valid, these effects work together to produce facilitation. If a prime is congruent but invalid, they work in opposite directions and may cancel each other out, as with a compatible S-R mapping. Alternatively, one of the effects dominates, as was the case with an incompatible mapping. 6 Unlike in the preceding experiments, the error pattern from Experiment 4 did not exactly mirror the RT pattern. Whereas the effects of congruence and compatibility were similar for both dependent variables, prime side affected them differently. Both the main effect of prime side and its interaction with congruence were absent in the error data. Conversely, there was a significant interaction between prime side and compatibility. Recall that the dimensional overlap hypothesis predicted an interaction between these two factors. However, the obtained interaction was exactly the opposite of what was predicted. According to the dimensional overlap account, a prime on the side of the target should have cued a compatible response (also on the same side), and by the same token, a prime on the opposite side should have cued an incompatible response (also on the side opposite the target). But as can be seen from Figure 5 , the highest error rates occurred when a compatible response was required and the prime was on the same side as the target, and hence on the same side as the response, or when an incompatible response was required and the prime was presented on the side opposite the target, and hence again on the same side as the response.
It is possible that participants more frequently prepared incompatible responses to counter a tendency to respond compatibly and to make too many errors (half of the required responses were incompatible). Such a strategy could have led to increased error rates if the finally required response was in the direction of the masked prime (i.e., in conditions in which dimensional overlap between prime and response prevailed). This proposed inhibition of the compatible responses is in line with the recently demonstrated vulnerability of the Simon effect to the likelihood of compatible relative to incompatible conditions, and to the S-R compatibility in preceding trials n Ϫ 1, and might be a by-product of the processing strategies used to modify Simon effects (Stürmer, Leuthold, Soetens, Schröter, & Sommer, 2002; Wühr & Ansorge, 2005) . Be that as it may, the unexpected interaction excludes dimensional overlap as an explanation for the nonconscious priming effect.
There remains one objection to the intentional account. One might argue that congruent/invalid and incongruent/invalid primes differed not only with respect to congruence but also with respect to whether primes and targets were presented in the same row (congruent condition: both above or both below fixation) or in different rows (incongruent condition: prime above and target below fixation, or vice versa). Although there is no obvious reason why the confounding factor should have intrinsically different effects, it cannot be formally excluded. Therefore, in Experiment 5, we replicated Experiment 4, but congruent primes were sometimes presented in a row other than the row in which the target was presented, and incongruent primes were sometimes shown in the same row as the target.
Experiment 5
To test whether conditions with primes in the same row as the target versus conditions with primes in a row other than the target differed in their effects on RTs and error rates, we replicated Experiment 4 with a different S-R mapping. The stimuli were the same as in Experiment 4, but participants were instructed to press one button when the target was in either the upper or lower left position and the other button when it was in one of the right-hand positions. If an explanation of priming in terms of an intentiondependent response activation (DPS) is correct, then this manipulation should change the effect of two of the four priming conditions. A prime preceding the target at its location (lower right position in the example in Figure 4 ) was still congruent, and a prime displaced both horizontally and vertically (upper left in the example) was still incongruent. By contrast, a vertically, but not a horizontally, displaced prime (upper right; i.e., prime and target in different rows) that was incongruent in Experiment 4 was now congruent, and a horizontally, but not a vertically, displaced prime (lower left; i.e., prime and target in the same row) changed from congruent to incongruent. In terms of experimental design, this means that the factors of congruence and side of the prime coincided instead of being orthogonal, as they were in Experiment 4, whereas vertical position of the prime (same row as the target or another row) became a new factor. By the same token, the mapping rule variable coincided with the compatibility variable, which therefore was a between-subjects variable in Experiment 5.
Method
Participants. Twelve students (9 women and 3 men) with a mean age of 21.4 years participated. All had normal or corrected-to-normal vision and received money for their participation (about $6).
Stimuli, apparatus, and procedure. These were the same as in Experiment 4 with the sole change that in the RT task, half of the participants had to respond to targets presented on the right side by pressing the right button and to targets presented on the left side by pressing the left button. This mapping rule was reversed for the other half of the participants.
Results
SD task.
Responses with a latency less than 100 ms (1.07% of responses) were discarded. Mean dЈ was not significantly different from zero, dЈ ϭ 0.05, t(11) ϭ 0.82, p ϭ .21.
RT task. RTs of less than 100 ms or more than 1,000 ms (0.33% of all trials) were discarded. An ANOVA of RTs with the variables congruence, vertical position of the prime (same row as 6 An alternative possible interpretation of the absence of facilitation does not posit two opposing effects, but rather no effect, of an invalid congruent prime. Neumann and Klotz (1994) discussed the possibility of a perceptual effect of congruent primes but suggested that it might consist of sensory facilitation (e.g., Bar & Biederman, 1998 ; for a review, see Wiggs & Martin, 1998) rather than the cuing of an attention shift. Because the valid target-like prime shared most sensory features with the target, it could have preactivated the corresponding feature detectors and thereby reduced processing time for the target at its position. Congruent primes at another location would not have met the criteria for either sensory facilitation (same location of prime and target) or motor interference (prime location associated with the alternative response). the target or another row), and compatibility yielded significant effects for all variables: congruence, F(1, 10) ϭ 45.77, p Ͻ .001 (congruent, 401 ms; incongruent, 454 ms); compatibility, F(1, 10) ϭ 6.2, p Ͻ .05 (compatible, 394 ms; incompatible, 461 ms); vertical position of the prime, F(1, 10) ϭ 17.84, p Ͻ .01 (same row, 420 ms; other row, 435 ms).
7 An identical ANOVA for errors revealed slightly diverging results, with significant effects for congruence, F(1, 10) ϭ 5.42, p Ͻ .05 (congruent, 2.9%; incongruent, 9.6%), and vertical position of the prime, F(1, 10) ϭ 10.96, p Ͻ .01 (same row, 4.4%; other row, 8.1%), but no main effect of compatibility, F(1, 10) ϭ 0.12.
As in Experiment 4, cell means of the different conditions were compared with the neutral condition by planned t tests for dependent variables. With a compatible S-R mapping, RT was reduced by congruent primes in the same row (valid), t(11) ϭ Ϫ8.3, p Ͻ .01, and increased by incongruent primes: same row, t(11) ϭ 6.85, p Ͻ .01; other row, t(11) ϭ 4.92, p Ͻ .01. The same pattern was obtained for the incompatible S-R mapping, though the valid prime's effect fell short of significance: valid, t(11) ϭ Ϫ2.37; incongruent/same-row, t(11) ϭ 5.65, p Ͻ .01; incongruent/otherrow, t(11) ϭ 4.41, p Ͻ .01. With both mappings, the congruent/ other-row condition did not differ from the neutral condition. The error data showed a similar pattern, but no difference from the neutral condition attained significance.
Discussion
As can be seen from Figure 6 , the pattern of results was similar to that found in Experiment 4. Because the graphs in Figure 6 are grouped by the prime's row rather than its side (as was the case in Figure 5 ), this indicates a reversal of the pattern of facilitation and interference in terms of the prime's relative location with respect to the target. Consider, for example, a prime that shared the target's side but was in the other row (the upper right position in the example shown in Figure 4) . In Experiment 4, this prime was associated with the alternative response and caused interference. In the present experiment, it was associated with the same response as the target, and its effect was not statistically different from neutral. In other words, the effect of a prime was determined not by its relative spatial position per se but by S-R mappings as defined by the task. Of the hypotheses under investigation, only an intentiondependent response-activation effect of the primes is in line with this pattern.
In Experiment 4, there was a significant interaction between congruence and side of the prime, and the pattern of cell means revealed facilitation if the prime preceded the target at its position (i.e., was valid). Likewise, in Experiment 5, the valid compatible prime produced significant facilitation, whereas there was no difference between neutral and a congruent but invalid prime. Thus, the present data do not contradict the findings from Experiment 4 in this respect, further supporting the conclusion that top-downcontingent attention shifts played a role, besides the intentionmediated response activation by the primes.
General Discussion
The purpose of this study was to detail the different contributions of nonintentional or bottom-up processes, on the one hand, and intentional or top-down contingent processes, on the other hand, to the behavioral effects of invisible (metacontrast-masked) primes. According to an intentional account, whether in terms of an intention-dependent attentional effect or in terms of an intentionally mediated response activation, a completely masked 7 An ANOVA based on mean RT produced a significant interaction of congruence and vertical position of the prime, F(1, 10) ϭ 6.43, p Ͻ .05, which was absent in the ANOVA of median RT. RT was shorter in both congruent conditions than in both incongruent conditions ( p Ͻ .05, Tukey's test), and whereas there was no significant difference between incongruent conditions, responses were faster in congruent/same-row than in congruent/other-row conditions ( p Ͻ .05, Tukey's test). By demonstrating selectively faster responses in valid relative to invalid congruent conditions, the ANOVA of the means led to results that were even more similar to those of Experiment 4. Nonetheless, the selective speeding of responses in valid conditions was also revealed by comparisons between median RTs in different congruent conditions and in the neutral condition. In all other respects, ANOVAs of mean and median RTs led to corresponding results in Experiment 5 and elsewhere in the present study. prime's effect on RT and error rate depends on the person's intention, as governed by the task instruction (cf. Neumann, 1990 ). This account was tested against two competing hypotheses, both postulating bottom-up, intention-independent processing of the prime. According to the dimensional overlap account, a prime activates a response if it shares its side (dimensional overlap Type 3).
8 Therefore, primes on the side of the required response should facilitate responding, and primes on the other side should interfere. Little evidence for such effects was found, and it was certainly not possible to explain the interference of nonoverlapping but incongruent primes by those effects; the error pattern in Experiment 4 even went in the opposite direction.
According to the bottom-up capture account, a prime that precedes the target at its position should attract attention and hence facilitate target processing, whereas primes in all other positions should summon attention to a distractor's position and thereby cause interference, irrespective of whether the prime matches the top-down control settings. However, if primes are dissimilar to the targets, and hence do not match the control settings set up to search for and respond to the targets, only a very small and nonsignificant trend, which would be in line with the bottom-up-capture predictions, has been observed.
The main outcome was that the results from Experiments 2-5 clearly supported intentional mediation as a major origin of the priming effects. Stimuli were the same in Experiments 2 and 3 and again in Experiments 4 and 5. In Experiment 2, participants searched for and responded to a stimulus feature different from the features of the prime (the location of the red target bar), and the prime's position had no effect on RT and error scores. In Experiment 3, participants responded to the target position (a feature that was shared by the prime) under identical stimulus conditions, and the prime's position affected these measures. Thus, priming was not stimulus driven but depended on whether the prime shared with the target a feature that was task relevant. Similarly, Experiments 4 and 5 did not differ with respect to stimuli. In Experiment 4, the two upper target positions mapped onto one response, and the two lower target positions were associated with the alternative response. In this experiment, stimulus rows were the task-relevant dimension, and target-similar primes facilitated responses to targets in the same row and interfered with responses to targets in the other row. In Experiment 5, the two right target positions were associated with one response, and the two left target positions mapped onto the alternative response. In this experiment, sides were the task-relevant dimension, and target-similar primes on the same side as the target caused facilitation, whereas target-similar primes on the other side interfered with responding. In conclusion, as was predicted by the DPS theory, the congruence effect of a prime depended on the task that participants were required to carry out (cf. Neumann, 1990) . It should be noted that very similar intention dependencies of congruence effects have been found with masked, and thus invisible, shape stimuli (Schlaghecken & Eimer, 2004) and words (Kunde, Kiesel, & Hoffmann, 2003) .
Whereas these congruence effects suggested that part of the intention-dependent priming effect was due to response activation, in Experiments 4 and 5 we also observed evidence for top-downcontingent capture effects of the nonconscious prime (cf. Folk et al., 1992) : Significant facilitation was restricted to congruent and valid conditions. Therefore, it is most likely that parts of the priming effects were due to top-down-contingent attention shifts to the primes. The results confirm the notion of contingent attentional capture and extend previous findings (Folk & Remington, 1998 , 1999 Folk et al., 1992; Remington, Folk, & McLean, 2001) to show that contingent capture also holds for nonconsciously registered information (see also Ansorge, 2004; Scharlau & Ansorge, 2003) .
Because the primes were masked, this implies that stimulus information can be processed in an intention-determined way to direct attention even if this information is not consciously perceived. 9 This observation neatly dovetails with the assumed function of visuospatial attention. Several authors have argued that conscious perception of a target requires a prior shift of visuospatial attention to the target (e.g., Di Lollo, Enns, & Rensink, 2000; Neisser, 1967; Scharlau & Neumann, 2003a , 2003b . For a topdown controlled attention shift to achieve this function (i.e., to perceive the target), nonconscious selection of the target as a goal for an attention shift should be the rule rather than the exception.
The proposal that unconscious processing need not be stimulusdriven, invariant processing, however, is at odds with the original two-process theories that juxtaposed intentional, conscious processes and "automatic," or "preattentive," processes (e.g., Neisser, 1967; Posner & Snyder, 1975; Shiffrin & Schneider, 1977; Yantis & Jonides, 1984 ; for a review, see Neumann, 1989b) . As argued by Neumann (1984) , the evidence for the bottom-up character of automatic processing had not been very convincing even in the early research that was inspired by these theories. Recent evidence, summarized by Pashler et al. (2001) , strongly supports Neumann's (1984) conclusion that most processes considered as "automatic" depend on intentions, though they often do not exactly conform to them. However, it is also possible that even in the preceding experiments, the masked primes underwent some amount of bottom-up processing that remained undetected. Nonintentional and intentional processing could be but two phases, with the first, nonintentional, processing phase rapidly giving way to the second, intentional, processing phase (cf. Theeuwes, 1994) .
Our findings do not offer clues as to how the two intentionmediated effects of the prime, its response-activating influence and 8 This does not mean that the dimensional overlap model might not be refined to explain the priming effects obtained in the current study in terms of other types of overlap. For example, the dimensional overlap model already allows for intention-dependent modes of overlap and interactions among automatic and intention-dependent modes (Zhang et al., 1999) . In the present study, we ruled out only that an automatic, intention-free activation of the responses by the primes was responsible for the RT and error effects.
9 A dЈ value not statistically different from zero is a conservative criterion of unawareness, because the objective threshold in a forcedchoice discrimination task is usually well below the subjective threshold as determined by the participant's report of not having seen the prime (Cheesman & Merikle, 1985 ; for a recent discussion, see Merikle, Smilek, & Eastwood, 2001 ). In our experiments, there were likewise no indications that participants were aware of the presence of primes before they were informed about them at the beginning of the SD block. Yet it should be noted that the measure of conscious perception used in the present study was not exhaustive, because there was no systematic attempt to ensure that participants used all available information about the prime in the SD task. In this respect, the present study does not differ from other recent studies of subliminal or nonconscious processing (Eimer, 1999; Eimer & Schlaghecken, 1998; Lambert et al., 1999; McCormick, 1997). its attentional effect, worked together in producing the obtained pattern of priming effects. One possibility is that these effects were largely independent ). According to this account, a prime activated the correct or the incorrect response, depending on its congruence or incongruence. In parallel, it attracted attention to the target's or to a distractor's location depending on its validity, thereby speeding up or slowing down target processing. Response latency and error probability would thus be a function of both the prime's direct sensorimotor impact on the response and its indirect impact via its effect on the speed of target processing.
However, it is also conceivable that the two processes are not completely independent. The need to program a spatial parameter of an overt response, for example, might also require a shift of visuospatial attention in the direction of the goal of the action. This has been shown to be the case for saccades toward a target (Deubel & Schneider, 1996) . Whether similar contingencies hold for the programming of other overt responses is currently a matter of investigation (Ansorge & Scharlau, 2005) .
